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HIGH-SPEED WIND-TUNNEL INVESTIGATION OF A SWEPTBACK WING
WITH AN ADDED TRIANGULAR AREA AT THE CENTER

By Beverly Z. Henry, Jr.
SUMMARY

Resvlts are presented of an investigation in the Langley 8-foot
high-speed tunnel of two swoptback wings of different plan form. The
purpose of the investigation was to determine the effects of the addition
of a triangular area to the inboerd section of a conventional sweptback
wlng in such a way as to produce & wing employing two stages of sweepback.
Lift, drag, and pitching-moment charscteristics are presented to illustrate
these effects for a Mach number renge of 0.40 through 0.935.

Results of the investigation indicate that the effects of the
eddition of the triangular area to the sweptback wing on 1ift and drag
cheracteristics are small throughout the Mach number range tested.
Although the changes in 1ift and drag characteristics are small when
consldered separately, a combination of the two in the lift-drag ratio
results in an appreclable increase in this ratio. If a change in center-
of-grevity locetion is assumed to accompany the addition of the trianguler
. area, there 1s essentially no change in the static margin of the sweptback

wing.
TNTRODUCTION

A program was begun in the Langley 8-foot high-speed tunnel to
determine the effects of various wing and tall configurations on the
force characteristics of the D-558 airplane (reference 1). The D-558 is
a research alrplane used for the investlgation of the asroiynamic pheno-
mena within the trensonic region. .

In & contlnuation of this progrsm, an investigation has been made’
at high subsonic speeds of wing-alone charescteristics to determine the
effects of adding & trienguler area to the center of the sweptback wing
of reference 1 to increase the angle of sweep of the inboard section of
the wing end to form, 1n effect, a wing employing two stages. of sweep.
Throughout this report, the blswept wing will be referred to as the
gsweptback wing with glove.



2 VRN NACA RM No. L8J12

The gloved wing was designed to obtain the Increase in critical
speed of the sweptback wing without encowntering the adverse low-speed
tlp characterlstics normally accompanying lerge degrees of sweep. In
eddition to increasing the sweep of the inboard sections, the addltion
of the glove to the sweptback wing provides & lower thlickness ratio at the
root sections than would be obtalned with a mono-swept wing for the
game wing thicknesses. This decrease in thiclkness ratio occurs since
the asddition of the glove iInvolves no change in wing thickness.

APPARATUS

Model .~ For the purpose of this investligation, the sweptback wing
of reference 1 was fitted with a triangular section over the Inboard
section of the leadling edge to form, in effect, a wing with two stages
of sweepback. Detaills of the resulting wing are shown in figure 1.
Dimeneions for the sweptback wing and for the sweptback wing with glove
are shown in table I, and wing ordinastes for the sweptback wing with
glove are given in table II. These wing ordlnates are for sectlons lald
out parallel to the plene of symmetry.

The D-558-1, for which some comparative data appear, utilizes a wing
which employs no sweep, an NACA 65-110 section, and an aspect ratio
of 4.2.

The meximum uncorrected Mach number for thls Investigation was
approximately 0.935. The Reynolds number for the tests of the eptback
wing with glove varied from approximaetely 1.5 X 10° to 2.2 X 10°. Compu-
taticns of Reynolds number were based on the mean aerodynemic chord of
the sweptback wing with glove.

Model support and balance.- For this investigation, a sting-strut
suppcrt system was used. In order to utilize en existing straln-gage
balence, the wing to be tested was mounted on the D-558-1 fuselage of
reference 2. Detaells of the model support system sre shown in figure 2,
and a complete description of the system 18 given in reference 2.

With the model serodynamically loaded, there was a small deflection
of the support sting. This deflection changes the angle of attack of the
model slightly end necessitates an angle-of-attack measurement at each .
test point. These meassurements were obtalned by means of a cathetomster
mounted on the side of the tunnel.

CORRECTIONS

The effect of temperature on the strain gages was determined from
static~load and temperature callbration tests. The temperature was
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measured at each test point and the corrections determined in static
tests were applied.

The data are presented for uncorrected Mach numbers up to about 0.935,
where choking occurred at the support strut. The data are believed to be
unaffected by choke phenomena as the strut is well to the rear of the
model, and pressure measurements indicated no irregulerities in the
velocity field in the model region at this Mach number.

The expresslons available for the effecte of tunnel-wall inter-
ference are inadequate for the saccurate determination of such effects
for swept wings. Thereforse, no corrections for these effects have been
applied to the results of this investigation. From reference 2 an
indication of the order of magnitude of the correction to be applied to
dynamic pressure and Mach number is shown for a Mach number of 0.G3 to
be approximetely 1 percent for a straight-wing configuration. The
corrections will probebly be much less for the swept configuration.

RESULTS AND DISCUSSION

For the purpose of presenting deta for the wings only, date of
tests of fuselage alone have been subtracted from the data of the
wing-fuselage combination; therefore, all wing data presented hersein
contain fuselage-interference effects. Comperisons have bsen made to
il1lustrate the effects of the addition of the glove to the sweptback
wing. Limited comparlisons heve also been made to the unswept wing as
used, with the D-558-1 airpiene of reference 2. All data are presented
for a Mach number range of 0.k00 to 0.935.

The veariations of 1ift coefflcient with angle of attack for varlous
Mach numbers for the sweptback wing and the sweptback wing with glove
are shown in figure 3. In figure 4 are shown the varilations of 1ift
cosefficient with Mach pumber for varlous angles of attack for the two
wings. Figure 5 shows the varlations of the slopes of the 1ift curves
with Mech number for the itwo wings at two altitude conditions. A
comparison of the variation of 1ift coefficlent with Mach number for
angles of attack corresponding to a 11ft coefficient of &bout 0.1 at
a Mach number of 0.6 is shown in figure 6. These preceding data indicate
that the addltion of the glove to the sweptback wing hes a very small
effect on the 1lift characteristics of the wing.

The variations of drag coefficlent with 1ift coefficient for
various Mach numbers are shown in figure 7 for the sweptback wing end
the sweptback wing with glove. The variations of drag coefficient
wlth Mech number for various angles of attack for the two wings are
shown in figure 8. These data indicate that the effects of the addition
of the glove on drag characteristics are negligible up to & Mach number
of 0.90 with a reductlon in drag asbove this point.
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In figure 9 the 1lift-drag ratios for the wings are plotted againat
1ift coefficient for two Mach numbers. These data indicate that, although
the changes in 11ft and drag characteristlcs due to the addition of the
glove are small when considered separately, a combination of the two in
the lift-drag ratio results in an sappreciable increase in this retio.

In the low Mach number region, 1t is indicated that the maximm 1ift-drag
retio of the sweptback wing with glove is about 26 percent greater than
that for the sweptbeck wing. In the high Mach number range, the ratio
for the sweptback wing with glove is sbout 37 percent hligher than that
for the sweptback wing.

In figure 10 are shown the varlations of pitching-moment coeffi-
clent with 1ift coefficient for various Mach numbers for the two wings.
The varlations of pitching-moment coefficient with Mach number for
varioue angles of attack are shown in figure 11. For the purpose of
these plots the pitching moments were computed about the 25-percent
point of the mean serodynemic chord for the swéptback wing, and about
the L48-percent point of the mean aerodynemic chord for the sweptback
wing with glove. This point on the sweptback wing with glove has been
computed to glve the seme static margin as the sweptback wing at a Mach
number of 0.6 under sea-level conditions. These data indicate a stable
condition for the two wings through the Mach number range tested.

The foregoilng data indicate that there is no sppreciable change in
force-break characteristics due to the addition of the glove to the
sweptback winga

Unpublished data obtained in the Lengley 8-foot high-speed tunnel
have indlicated that the changes in force characteristice defining the
force breek firsti appear at the outboesrd section of a sweptback wing.
These data indicate that these changes can be attributed to the shock-
wave configuration of the sweptback wing which places the shock wave at
the root sections well to the rear. The addition of a triangular area
ahead of these sections probably haes only & secondary effect on the
shock-wave conflguration and & correspondingly small effect on the force
characteristics.

In order to illustrate more clearly the smsll effects of the
addition of the glove to the sweptback wing, incremental 1ift, drag,
and pitching-moment coefficients as fumctions of Mach number for
various angles of attack asre presented in figure 12. For the purpose
of this plot, the pitching moments for both the sweptback wing and the
sweptback wing with glove are presented ebout the 25-percent polnt of
the mean aerodynemic chord of the sweptback wing. These data indicate
that, 1f the addition of the glove is considered as a modification
involving no change in center-of-gravity location, the effects on
pltching-moment coefficient are camparatively large. If, however, the
addition is considered as a redesign, involving a change in center-of-
gravity location, as shown by preceding data computed about the LB-percent
point of the mean aserodynemic chord of the sweptback wing with glove,
the effects on pltching-moment coefficient are small. The Incremental
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effects of the addition of the glove on 1lift and drag charascteristics
are small. At an angle of attack of 6°, the highest test angle, the
changs in 11ft coefficlent is less than 0.03 and the change in drag
coefficient 1s less than 0.005. The change in pltching-momsnt coeffil-
cilent for this angle of attack is. sbout 0.035; for smaller angles of
attack the changes are correspondingly smsllsr.

CONCLUDING REMARKS

The results of this investigation indicate that the effect of the
addition of a triangular area to the inboard sectlon of the sweptback
wing on 1ift characteristics is small throughout the Mach number range
tested. The effect on drag characteristics is smell up to & Mach number
of 0.90 with a reduction in drag above this point. ALt an angle of
attack of 6° the change in 1ift coefficlient is less than 0.03 and the
chenge in drag coefficlent is less than 0.005.

Although the changes In 1ift and drag characteristics due to the
addition of the triangular area are smell when consldered separately,
a combination of the two in the lift~drag ratio results in an appreciable
Increase in this ratio. The Iincrease in maximm lift-drag ratio in the
low Mach number renge is sbout 26 percent and in the high Mach number
range 1s about 37 percent.

If no change is assumed in the center-of-gravity location, the
change in plitching-moment coefflclent due to the additlion of the tri-
angular area is about 0.035 at an angle of attack of 6°. If a change
in center-of-gravity location is assumed to sccompany the addition of
the trianguler esrsa, there ie essentislly no change in the static margin
of the sweptback wing.

Langley Aeronauticel Leboratory
Netional Advisory Committee for Asrocnautics
) Langley Fleld, Va.
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DIMERSICNS OF SWEPTBACK WING AND SWEPTBACK WING WITH GLOVE

Bwepthack wing

Sweptback wing with glaove

Wing section « « « o « « &
Aﬂpect rabio o« « ¢ o 4 . .
Taper retio + - « + o« &+ &
Dihed_‘:‘a.l,ﬂ.ag T

Sweep angle (50-percent
cho:ﬂ-)’ d-eg L] L L . . a

Spm, L] Il'-’ lllll
Area, sg £t . . .

Moan asrodynsamic chord., 111-

Root chord, In. .

Tip chord, In. . . . . .

Tongitudine), location of
25-percent point of
meen aerodynemic chord
from forward polnt of
eswepthack win.g with
glove + ¢ . . .

65-110
.17
1.85

b.0

35

18.76
0.587
Lk .656
5 .94

3.20

9.

{See Teble IT)

3.00

2.59 (inbhoard panel)

11133 { outboerd panel)
0

48.6 (inboard pemel)
35.0 (outboard penel)
11.4 (inboard penel)
0.799

707
11.00 (inboerd penel) '
%.25 (outboard panel)
.25 (inboaxd panel)
3.20 (outhoard panel)

T o5k
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ATRFOIT, ORDINATES QF l-]%—SCALE SWEPTBACK WING WITH GILOVE

[All dimenslone in percent chord; sections laid out parallel to plans of Bymetrﬂ

Chord 20 percent b/2 40 percent b/2 60 percent b/2 80 percent 1b/2

station | gpper | Lower | Total | Upper | Tower | Total | Upper | Lower | Total | Upper | Lower | Total

0 0 0 0 0 0 0 0 0 0 0 0 0
2.5 665 S8 | 1.247 .28 799 | 1.627 | 1.201 7881 2.079 § 1.325 | 1.219 | 2.54k
5 998 | 769 | 1.767 | 1.183 | 1.095| 2.278| 1.751 | 1.225 | 2.976 | 1L.748 | 1.695 | 3.443
75 | 1.221 036 | 2.163 1 1.k20 | 1272 | 2.692 | 2.188 | 1.532 | 3.720 | 2.172 | 2.066 | 4.238
10 1.555 | 1.080 | 2.495 | 1.716 | 1450 | 3.166 | 2.495 | 1.751 | 4.2b6 | 2.583 | 2.331 | L4.87h
15 1.830 | 1.2k7 { 3.077 | 2.012 | 1746 3.758 | 3.28 | 2.188 | 5.470 | 3.020 | 2.808 | 5.88
20 2.121 | 1.435 | 3.556 | 2.396 | 2.012 | h.408 | 3.720 | 2.626 | 6.346 | 3.497 | 3.126 | 6.623
25 2.308 | 1.663 | 3.971 | 2.663 | 2.219 | 4.8 | 4.158 | 2.845 | 7.003 | 3.762 | 3.Luk | T.206
30 2.432 | 1.871 | 4.303 | 2.870 { 2.367 | 5.237 | 4.376 | 3.063 | T.439 | 4.079 | 3.550 | 7.629
35 2578 | 1.975 | 4.553 | 3.047 | 2.604 | 5.650 | b.u6h | 3.1k | 7.878 | h.291 | 3.603 | 7.59k
ko 2.703 | 2.141 | 4.8k | 3.254 | 2.663 ) 5.917 | 4.595 | 3.501 | 8.096 | 4.397 | 3.656 | 8.053
L5 2.765 [ 2.266 | 5.03L | 3.343 | 2.811 | 6,154 | 4.639 | 3.501 | 8.140 | h.291 | 3.603 | T7.89k
50 2.848 | 2.349 | 5.197 | 3.491 | 2.870 | 6.36L | Lk.551 | 3.457 | 8.008 | k.291 | 3.k97 | 7.788
55 2.800 | 2.2 | 5.302 | 3.432 | 2.870 | 6.302 | 4.376 | 3.326 | 7.702 | b.132 | 3.338 | 7.470
60 2.786 | 2.370 | 5.156 | 3.h02 | 2.751 | 6.153 | 4245 | 3.063 | 7.308 | 3.921 | 3.073 | 6.99%
65 2.703 | 2.266 | k.969 | 3.254 | 2.60k | 5.858 | 3.807 | 2.7157 | 6.564 | 3.497 | 2.702 | 6.199
70 2.578 | 2.100 | 4b.678 [ 2.959 (2.426 | 5.3 | 3.28 | 2.407 | 5.680 | 3.020 | 2.384 | 5.424
75 2.349 | 1.871 | k220 [2.57% {2.130 | 4.70% | 2.723 | 2.013 | L.726 | 2.596 | 1.960 | L.556
80 1.996 | 1.663 | 3.659 | 2.07L | 1.716 | 3.787 | 2.276 | 1.4k | 3.720 | 2.013 | 1.58 | 3.600
8 1.60L | 1.351 |2.992 |[1.568 | 1.183 | 2.75L | 1.751 063 | 2.714 | 1.430 | 1.060 | 2.490
90 118 915 | 2.100 .888 68 | 1.568 | 1.09k 525 | 1.619 .901 68 | 1.590
95 707 603 | 1.310 355 296 651 438 263 «70L 530 A7 .901

100 87 16 603 |0 0 0 0 0 0 0 0 0

glrgI *ON Wd VOWN
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Figure 1.— Drawing of j5 -scale sweptback wing with
- ) glove as ritted fo the D-5858 rnode/ for
’ testing in the Langley 8-foot high-speed
tunnel. All dimenrnsions in inches.
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Figure Il —Variation of pitching—rmoment coefficient
with Nach number for various argles of
attack fFor the sweplback wing and the
sweptback wing with glove.
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Figure 12 .~ Variation of incremental /¥t, drag,
and prtching-moment coefficients due to the
addition of the glove to the sweptback wing
with Mach number for various arngles of

attack. S






